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Description 

Field of the Invention 

[0001] The present invention relates generally to 
medical devices and methods, and more particularly to 
catheter devices that are useable to form channels (e. 
g., penetration tracts) between vessels such as arteries 
and veins and vessels and other anatomical structures, 
in furtherance of a therapeutic purpose such as bypass- 
ing an arterial blockage, delivering therapuetic agents, 
or performing other interventional procedures. 

Background of the Invention 

[0002] Atherosclerotic cardiovascular disease re- 
mains a major cause of premature death and morbidity, 
in most regions of the world. Various transluminal, cath- 
eter-based interventional techniques have been used, 
or proposed for use, to dilate or otherwise treat athero- 
sclerotic obstructions that occur in coronary and/or pe- 
ripheral arteries. These therapies have traditionally fo- 
cused on treating the disease intraluminal^, or from 
"within* the vessel lumen. 

[0003] Included among the newer interventional tech- 
niques are certain percutaneous, transluminal tech- 
niques for bypassing obstructions in coronary or periph- 
eral arteries through the use of the adjacent vein(s) as 
in situ bypass conduit(s); (e.g. using catheters to per- 
form extra luminal procedures outside the diseased ves- 
sel lumen. These procedures are described in United 
States Patent 5,830,222 (Makower) and in published 
PCT Applications WO 98/16161 and WO 98/46119. As 
described therein, in some instances, these procedures 
may be performed by a venous approach wherein a tis- 
sue penetrating catheter is inserted into a vein and the 
desired passageway or puncture is initially formed by 
facilitating the passage of a tissue penetrator (e.g., a 
flow of energy or an elongate penetration member) from 
a catheter, through the wall of the vein in which the cath- 
eter is positioned, and into a target location such as the 
lumen of an adjacent vessel (e.g. the artery). Alterna- 
tively, some of these procedures may be performed by 
an arterial approach wherein the catheter is inserted into 
an artery and the desired passageway or puncture is 
initially formed by facilitating the passage of a tissue 
penetrator (e.g. , a flow of energy or elongate penetration 
member) from the catheter, through the wall of the artery 
in which the catheter is positioned, and into the target 
location such as the lumen of an adjacent vessel (e.g. 
a vein). It is typically necessary for the tissue-penetrat- 
ing catheter to be placed in proper rotational orientation 
within the blood vessel, prior to facilitating the passage 
of the tissue penetrator therefrom, to ensure that the tis- 
sue penetrator is aimed or positioned to enter the target. 
To facilitate such aiming of the tissue penetrator, some 
of the previously described tissue penetrating catheters, 
such as the catheter described in published PCT appli- 



cation WO 97/13463, which discloses a catheter device 
according to the preamble of claim 1, have included a 
penetrator direction marker that indicates the direction 
in which the tissue penetrator will pass from the catheter 

5 and an imaging catheter lumen through which a sepa- 
rate intravascular ultrasound imaging catheter (IVUS 
catheter) can be advanced. After the separate IVUS 
catheter has been advanced into the imaging lumen of 
the tissue penetrating catheter, the IVUS is used to im- 

10 age the target and the penetrator direction marker. The 
catheter can then be rotated within the blood vessel until 
the penetrator direction marker is aligned with the target, 
thereby indicating that subsequent advancement of the 
tissue penetrator from the catheter will result in the for- 

15 mation of the desired penetration tract between the 
blood vessel in which the catheter is positioned and the 
target. 

[0004] Applicant has determ ined that, in cases where 
the tissue-penetrating catheter is to be placed in a rel- 

20 atively small blood vessel such as branches of the cor- 
onary artery, carotid arteries, or smaller vessels located 
in the peripheral vasculature (e.g. vessels in the arms 
or legs) , it is desirable for the tissue penetrating catheter 
to be of reduced profile while still having sufficient col- 

25 umn strength and torque transfer properties, for exam- 
ple by varying the materials and composition of the cath- 
eter body in ways such as those described in US Patent 
5,423,773, to allow the operator to rotate and maneuver 
the distal end of the catheter within the patients body by 

30 twisting, pushing and pulling the proximal end of the 
catheter that remains outside of the patient's body. 
Thus, because the provision of a separate imaging cath- 
eter lumen substantially increases the required diame- 
ter of the tissue penetrating catheter, it is desirable to 

35 devise new tissue penetrating catheter designs that do 
not include an imaging catheter lumen while still main- 
taining the capability of imaging from a vantage point 
near the catheter's distal end to facilitate proper rota- 
tional orientation of the tissue penetrating catheter to fa- 

40 cilitate aiming of the tissue penetrator. 

[0005] US Patent 5,724,977 describes a catheter hav- 
ing an imaging catheter which is used to visualize the 
coronary artery in order to determine the orientation of 
a guiding catheter and to ensure it is orientated correctly. 

45 However, once the orientation of the guiding catheter 
has been determined the imaging catheter is withdrawn 
in order to allow a catheter having a medical device at 
the end to then be inserted. Whilst this provides for a 
catheter having a reduced profile the design of the re- 

50 suiting catheter means that the target for the procedure 
can only be identified prior to the procedure and not ver- 
ified throughout the procedure. This results in any 
knocks causing movement to the guiding catheter 
meaning that the procedure needs to be halted and the 

55 orientation of the catheter redetermined. 

[0006] An alternative catheter is disclosed in US Pat- 
ent 5,713,363. The catheter has an integral transducer 
in order to allow an operator to view the location of the 
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catheter. However, the catheter is only provided with the 
imaging transducer to determine the orientation of the 
guiding catheter and to control a working tool which is 
extended down the catheter. The catheter is not provid- 
ed with any mechanism for determining the trajectory of 5 
the working tool, rather this is left to the judgement of 
the operator. This may result in inaccurate aiming of the 
working tool. 

Summary of the Invention 10 

[0007] This invention facilitates accurate and reliable 
orientation of a tissue penetrating catheter in a blood 
vessel so that an adjacently located blood vessel or oth- 
er anatomical target can be accurately penetrated, while is 
eliminating the need forformation of a separate imaging 
lumen within the tissue penetrating catheter. Thus, be- 
cause the need for an imaging lumen has been elimi- 
nated, the tissue penetrating catheters of this invention 
may be of reduced profile (e.g., 5-7 French diameter). 20 
[0008] In accordance with the invention, there is pro- 
vided a tissue penetrating catheter device as claimed in 
Claim 1. The catheter device comprises an elongated 
catheter having an advanceable and retractable tissue 
penetrator, a penetrator direction marker, and at least 25 
one orientation element comprising a marker and an im- 
aging transducer (e.g., an IVUS transducer). To facilitate 
orientation, the imaging transducer is useable to provide 
an imaging signal from which an image of the target 
structure and other adjacent anatomical structures can 30 
be obtained. The imaging transducer is fixedly mounted 
on or within the catheter, thereby eliminating the need 
for a separate imaging lumen which requires sufficient 
clearance in the lumen to allow a separate imaging 
transducer to be advanced and retracted in the lumen. 35 
This in turn enables the catheter to be of smaller cross 
sectional area. In addition, by fixedly mounting the im- 
aging transducer on the catheter, its orientation relative 
to the catheter and certain components on the catheter 
can be specifically known. 40 
[0009] One advantageous approach to imaging is to 
employ an imaging transducer which includes a plurality 
of imaging elements fixedly mounted on the catheter to 
provide an imaging signal from which an image of adja- 
cent structures can be obtained. The imaging elements 45 
are mounted on the catheter at known circumferential 
locations relative to the path that will be followed by the 
tissue penetrator as the tissue penetrator exits the cath- 
eter. The image obtained from the imaging signal from 
the imaging transducer is useable by the operator to ro- 50 
tationally orient the catheter such that when the tissue 
penetrator subsequently exits the catheter, the tissue 
penetrator will extend into the desired target. In addition, 
the imaging transducer is useable to image other struc- 
tures to allow several diagnostic functions such as as- 55 
sessing calcification of a vessel, distance of the target 
location to the vessel in which the catheter is positioned, 
and the presence of other devices. 



[0010] Another advantageous approach to imaging is 
to provide an imaging marker on the catheter to form, 
on the image obtainable from the imaging signal from 
the imaging transducer, a penetrator path indication. 
This penetrator path indication is indicative of the path 
that will be followed by the tissue penetrator when the 
tissue penetrator exits from the catheter. The imaging 
transducer and the marker are useable in cooperation 
with each other to enable the operator to rotationally ori- 
ent the catheter until the penetrator path indicator is 
aimed at the target thereby indicating that when the tis- 
sue penetrator exits from the catheter it will extend to 
the target as desired. The imaging elements fixedly 
mounted on the catheter at known circumferential loca- 
tions can also be used to orient the catheter without any 
imageable markers. 

[0011] When an imageable marker is used, it prefer- 
ably includes a structure formed on the catheter includ- 
ing at least onelongitudinal member disposed circum- 
ferentially about a hollow interior space. When a plurality 
of longitudinal members is employed, said longitudinal 
members are disposed at circumferentially spaced 
apart locations about a hollow interior space thereby 
forming a cage. At least one of such longitudinal mem- 
bers is located at a circumferential position that is axially 
aligned with the path or plane of the path that will be 
followed by the tissue penetrator as it exits from the 
catheter. 

[0012] The tissue penetrator may be any instrument 
for penetrating the target of interest For example, the 
tissue penetrator may be or include a laser beam, flow 
of energy, or an instrument which will itself puncture or 
penetrate the target of interest. One preferred form of 
tissue penetrator includes a needle member formed of 
resilient material that is biased to a preformed curved 
configuration with the needle member being initially dis- 
posed in a retracted position within the catheter and sub- 
sequently advanceable from the catheter to an extend- 
ed position wherein the needle member assumes its 
preformed curved configuration. 
[0013] The imaging transducer of the current inven- 
tion is preferably an ultrasound imaging transducer and 
more preferably a phased array transducer. Because 
the phased array transducer can be fixed in a permanent 
manner on or within the catheter body, said phased ar- 
ray transducer has the advantage of being useable with 
or with out an imageable marker to obtain reliable and 
accurate orientation. Moreover, the nature of the imag- 
ing elements and the fact the imaging signal can be 
transmitted by multiplexing numerous signals on fewer 
lead wires contribute to the small profile of the catheter. 
[0014] The catheter may include an elongated cathe- 
ter body having a proximal end, a distal end and a pe- 
ripheral wall with at least a distal region of the catheter 
body being flexible enough to navigate through the cor- 
onary vessels. The catheter body has an penetrator lu- 
men that terminates distally at an exit location on the 
peripheral wall and contains or is adapted to receive an 
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instrument or other tissue penetrator for penetrating the 
blood vessel in which the catheter body is received 
("resident blood vessel") to a target adjacent to the res- 
ident blood vessel. The phased array transducer is pref- 
erably an onboard transducer which is mounted on or 
within the catheter body and is inseparable or not re- 
movable from the catheter body. The phased array 
transducer is carried by the catheter body in fixed rela- 
tionship to the catheter body and in some instances, in 
a known orientation relative to the exit location. The 
phased array transducer provides an imaging signal for 
use in locating the target and identifying the angular ori- 
entation of the exit location. Accordingly, with the pene- 
trator received in the penetrator lumen the catheter body 
can be rotated to properly orient the exit location so that 
the penetrator can penetrate the resident blood vessel 
into which the catheter body is receivable and into the 
target. The catheter body is of sufficiently small profile 
so that it can be received within a coronary artery, 
branch or peripheral vessel if desired. 
[0015] The catheter may be considered as including 
an imageable marker which may include a plurality of 
circumferentially spaced imageable members carried 
by the catheter body in a known circumferential orien- 
tation relative to the exit location. The imageable mark- 
ers can be sensed by the phased array transducer and 
used to locate the target and in identifying the angular 
orientation of the exit location. 

[001 6] The phased array transducer may comprise a 
plurality of imaging elements arranged on the catheter 
body with at least one of the elements being at a known 
circumferential location relative to the exit location so 
that such at least one element is useable to identify the 
angular orientation of the exit location. Alternatively or 
in addition thereto, the at least one element may form 
an image region that defines an acceptable zone of pen- 
etration for the tissue penetrator. 
[0017] In a preferred construction, the catheter body 
includes a major section which includes a proximal end 
and the exit location and a distal tip section extending 
from the major section to the distal end. The distal por- 
tion of the distal tip section has a smaller cross sectional 
area than the adjacent region of the major section. An 
active imaging apparatus is carried by the catheter body 
and includes imaging elements fixedly mounted on the 
distal tip section and a lead or leads extending proximal- 
ly from the imaging elements along the catheter body. 
Accordingly, the reduced diameter portions of the cath- 
eter body are used to mount the imaging elements, to 
thereby minimize the profile of the catheter at this region 
of the catheter. Although various constructions are pos- 
sible, in one preferred form of the invention, the major 
section terminates distal ly in a distal opening and a prox- 
imal portion of the distal tip section is received in the 
distal opening and a distal portion of the distal tip section 
extends distally of the distal opening. 
[0018] A catheter according to the present invention 
may be used in a method which includes inserting and 



transluminal^ advancing the catheter of this invention 
into a first blood vessel, actuating the imaging transduc- 
er and moving the catheter within the first blood vessel 
until the penetrator path indication is aimed at the target, 

5 and thereafter facilitating the exit of the tissue penetrator 
from the catheter through the wall of the first blood ves- 
sels and into the target. Thereafter various procedures 
may be performed such as the delivery of therapeutic 
agents or diagnostic devices. 

10 [0019] In procedures where it may be advantageous 
to perform subsequent procedures over a guidewire, 
such as the formation of passageways between a first 
blood vessel and a target, the method may also include 
advancing a first crossing guidewire through the lumen 

15 of the tissue penetrator and into the target such as the 
lumen of the second blood vessel or other target and 
retracting the tissue penetrator into the catheter leaving 
the first crossing guidewire in place. 
[0020] In some procedures, such as those novel pro- 

20 cedures more fully described in United States Patent 
5,830,222 and in United States Patent Numbers US 
5,830,222 and US 6,283,951 , and other means of revas- 
cularizing oxygen starved tissues or delivering thera- 
puetic substances to vessels, tissue and other organs, 

25 it may be advantageous to obtain a second point of ac- 
cess to the same vessel into which the catheter was in- 
itially introduced at some point distal of the first crossing. 
However, this access may be limited due to the pres- 
ence of calcium or other vessel disease blocking the lu- 

30 men of the vessel . To obtain catheter access to a second 
point, distal of a diseased section in the same blood ves- 
sel, the first crossing guidewire is removed from the lu- 
men of the tissue penetrator and reintroduced into the 
main guidewire lumen of the catheter and the catheter 

35 may be readvanced over the first crossing guidewire to 
a position wherein the catheter extends through the lu- 
men of the first blood vessel, and through the openings 
created in the walls of the first and a second blood ves- 
sel. Thereafter, the catheter can be advanced distally in 

^0 the lumen of the second blood vessel. To gain access 
back to the first blood vessel at a different location (e.g. 
past the disease or obstruction), the imaging transducer 
is actuated and the catheter is moved within the second 
blood vessel as required to cause the penetrator path 

45 indication to be aligned with the lumen of the first blood 
vessel. The tissue penetrator is advanced from the cath- 
eter through the wall of the second blood vessel and 
through the wall and into the lumen of the first blood ves- 
sel. To obtain guidewire access to the first blood vessel, 

50 a second crossing guidewire is advanced through the 
lumen of the tissue penetrator and into the lumen of the 
first blood vessel. The tissue penetrator is retracted into 
the catheter leaving the second crossing guidewire in 
place such that it extends from the lumen of the first 

55 blood vessel into the lumen of the second blood vessel 
and back into the lumen of the first blood vessel. 
[0021] Optionally, a radial expandable connector can 
be used to provide a blood flow passageway between 
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the blood vessels. For example, a connector delivery 
catheter can be advanced over the second crossing 
guidewire and the connector implanted such that the 
connector extends from the lumen of the first blood ves- 
sel through the openings created in the walls of the first 5 
and second blood vessels through the lumen of the sec- 
ond blood vessel through the openings created in the 
walls of the first and second blood vessels and back into 
the lumen of the first blood vessel. 

[0022] The invention together with additional features 10 
and advantages thereof may best be understood by ref- 
erence to the following description taken in connection 
with the accompanying illustrated drawings. 

Brief Description of the Drawings 15 

[0023] 

Fig. 1 is schematic illustration showing the catheter 
of this invention in use on a human patient. 20 
Fig. 2 is an elevational view of one form of catheter 
constructed in accordance with the teachings of this 
invention. 

Fig. 3a is an enlarged fragmentary elevational view 
partially in section showing a distal portion of the 25 
catheter. 

Fig. 3a' is an enlarged, cut-away view of the wire 
braid formed within the distal section of the catheter 
body. 

Fig. 3a" is a diagram of a catheter braid illustrating 30 

the braid angle and pick count of the braid. 

Fig. 3b is an enlarged elevational view showing the 

distal tip section of the catheter. 

Figs. 3c , 3d and 3e are cross sectional views taken 

generally along lines 3c-3c, 3d-3d, and 3e-3e of Fig. 35 

3 respectively. 

Fig. 3f is a perspective view of the marker structure 
of the catheter embodiment shown in Figs.3a-3b. 
Fig. 3g is a cross sectional view through Fig. 3g-3g 
of Fig. 3a. 40 
Fig. 4 is an elevational view similar to Fig. 3a illus- 
trating a second catheter. 

Figs. 4a and 4a* are schematic diagrams of a annu- 
lar phased array transducers that may be mounted 
within catheters of the present invention. 45 
Figure 4b is a schematic diagram of an alternative 
single element transducer that is rotatable within or 
in conjunction with the catheter. 
Figs. 5a and 5b are elevational views of the screen 
of the imaging apparatus showing standard quad- 50 
rant-indicating hash marks on the screen, and illus- 
trating the manner in which the fixed-transducer 
catheter of Fig. 4 can be rotationally oriented within 
the blood vessel to cause a penetrator-path-indicat- 
ing element (and hence the penetrator) to become 55 
aimed at a target location to which the penetrator is 
intended to travel. 

Figs. 5c and 5d are elevational views of the screen 



of an imaging apparatus whereon a line has been 
marked to denote the location of the particular pen- 
etrator-path-indicating element of the fixed-trans- 
ducer catheter of Fig. 4, and illustrating the manner 
in which the line can be used to facilitate rotational 
orientation of the catheter within the resident blood 
vessel such that the penetrator-path-indicating 
transducer element (and hence the penetrator) are 
aimed at the target location. 
Figs. 5e and 5f are elevational views of the screen 
of an imaging apparatus displaying an image from 
a fixed-transducer catheter as in Fig. 4 wherein the 
penetrator-path-indicating element(s) of the imag- 
ing transducer is/are electronically modified to pro- 
duce an image that is i) visually distinct from the im- 
ages produced by the other elements of the trans- 
ducer array, or ii) modified to produce multiple lines 
that define a path region, and illustrating the manner 
in which the visually distinct image of the penetra- 
tor-path-indicating transducer can be used to facil- 
itate rotational orientation of the catheter within the 
resident blood vessel such that the penetrator-path- 
indicating transducer element (and hence the pen- 
etrator) are aimed at the target location or converse- 
ly, the path region incorporates the target location 
within its scope. 

Figs. 6a and 6b are views similar to Figs. 5a and 5b 
respectively illustrating how the catheter embodi- 
ment of Fig. 3a can be rotationally oriented within 
the blood vessel to cause the image created by the 
penetrator-path-indicating member of the marker 
structure (i.e., the particular strut member of the 
marker structure that is aligned with the path that 
will be followed by the tissue penetrator when the 
penetrator is advanced from the catheter body) to 
be aimed at the target location to which the pene- 
trator is intended to travel. 

Figs. 7a - 8d illustrate the triangle of Brock-Mo- 
scheau (a name given to the formation bounded by 
the relationship between the arterial and venous 
system on the heart) and show by way of example 
as preferred method that can be carried out in ac- 
cordance with the teachings of this invention. 

Detailed Description of Preferred Embodiments 

[0024] Set forth herebelow are detailed descriptions 
of certain embodiments and examples of the catheter 
devices and methods of the present invention. 

A. First Embodiment: Catheter With Phased Array 
(or Rotatable) Imaging Transducer and Marker 
Structure For Indicating Penetrator Path 

[0025] Fig. 2 shows a catheter 11 constructed in ac- 
cordance with the teachings of this invention, while Fig. 
1 shows the catheter 11 in use on a human patient. In 
the embodiment illustrated, the catheter 11 includes an 



5 



9 



EP 1 067 869 B1 



10 



elongated catheter body 13 having a proximal end 15, 
a distal end 1 7, a handle 1 9 and a hub 2 1 coupled to the 
proximal end of the catheter body 1 5 and to the handle. 
The handle 19 may also serve as a controller for use in 
advancing and retracting the penetrating instrument, 
such as a tissue penetrator 85 described more fully be- 
low. 

The Catheter Body 

[0026] The catheter body 1 3 includes a relatively rigid 
proximal section 23 shown in Figs. 2 and 3a which may 
be constructed, for example, of a metal hypo tube and 
an elongated flexible distal section or region 25 suitably 
joined to the proximal section. A hand piece 19 is at- 
tached to the proximal end of the proximal section 23, 
as shown. In the preferred embodiment the hand piece 
19 and proximal section 23 are approximately 100cm in 
length. The flexible distal section 25 may incorporate a 
reinforcement member such as a wire braid 400 as 
shown in Figs. 3a and 3a' and, in the preferred embod- 
iment is approximately 30 cm in length. The braid 400 
terminates approximately 3 cm from the distal end 17. 
[0027] It has been determined that material expan- 
sion and changes in the physical properties of certain 
materials may occur after the catheter 1 1 is inserted into 
the patient's body and warmed from room temperature 
to body temperature. This material expansion and 
changes in the physical properties of certain materials 
can result in variation in the tolerances and sizing of the 
catheter 11 (e.g. elongation or shrinking) and can thus 
give rise to an unwanted modification of the position of 
the tissue penetrating member 85. This could, in at least 
some cases, interfere with the precise aiming and ad- 
vancement of the tissue penetrating member as de- 
sired. Fig. 3a" illustrates the braid angle A and pick 
count PC of the catheter braid 400. The "pick count" PC 
of the braid is, as is well known in the art, a function of 
the braid angle A (i.e., the greater the braid angle the 
more picks per centimetre or inch). Also, the torque 
transmission and stiffness of the braided distal section 
25 is a function of the braid angle (i.e., a braid angle of 
90 degrees provides maximum torque transfer and a 
braid angle of 0 degrees provides minimum torque 
transfer). Typically, cardiovascular catheters used in 
procedures such as those described herein utilizing a 
venous approach have braid angles A that result in a 
pick count of 19.7-27.6 picks per centimetre (50-70 
picks per inch). However, applicant has determined that 
by decreasing the braid angle A of the braid 400 within 
the distal section 25 of the catheter 1 1 to result in a lower 
pick count, it is possible to minimize or eliminate the un- 
wanted longitudinal expansion of the catheter 1 1 and/or 
its components, while retaining sufficient torque trans- 
mission and acceptable stiffness to accomplish the pro- 
cedures for which the catheter 1 1 is intended (examples 
of such procedures are illustrated in Figures 7a-8d her- 
ebelow). This variation in braid angle or picks per inch 



may vary depending on the material of construction of 
the catheter and/or the braid fiber, and the diameter of 
the catheter body. 

[0028] In instances where the catheter 1 1 is intended 

5 for use in a coronary artery, at least the distal section 25 
of the catheter 11 is sized to be received within a coro- 
nary artery, and therefore can be received within either 
a coronary artery or a coronary vein or other lumens of 
equal diameter. The catheter body section 1 3 has a pen- 

10 etrator lumen 27 that terminates distally at an exit loca- 
tion or exit port 29 (Fig. 3a) on a peripheral wall 31 of 
the catheter body. The penetrator lumen 27 extends 
proximally from the exit port 29 to the proximal end 15 
of the catheter body 13 and communicates with the in- 

15 tenor of the handle 1 9 through the hub 2 1 . The penetra- 
tor lumen 27 contains or is adapted to receive an instru- 
ment, such as the tissue penetrator 85 shown in Fig. 3a, 
for penetrating out of the blood vessel in which the cath- 
eter 1 1 resides (i.e., the "resident vessel") and to a target 

20 location. The exit port 29 is preferably located a short 
distance proximally of the distal end 17. A radiopaque 
marker 33 is mounted on the lumen 27 adjacent the exit 
port 29. 

[0029] The catheter body 1 3 also has a guidewire lu- 

25 men 35 (Fig. 3a) which extends to the distal end 1 7 of 
the catheter body 15. In this embodiment, the guidewire 
lumen 35 extends proximally to an inlet port 37 at the 
peripheral wall 31 closely adjacent to the proximal sec- 
tion 23. The catheter body also has a lead lumen 39 (Fig. 

30 3c) for a purpose described below. 

[0030] A m ajor section 5 1 of the catheter body 1 3 ter- 
minates distally in a distal opening 53, and the catheter 
body includes a distal tip section 55 of soft, flexible, bio- 
compatable material (Figs. 3a and 3b). A proximal por- 

35 tion 56 of the distal tip section 55 is received in the distal 
opening 53 and a distal portion of the distal tip section 
extends distally to the distal end 17. The distal portion 
of the distal tip section 55, i.e. the portion of the distal 
tip section 55 which extends beyond the distal end of 

<o the major section 51 is of smaller cross sectional area 
than the adjacent region of the major section to thereby 
define an annular shoulder 57 on the catheter body 13. 
The exit port 29 is spaced slightly proximally of the 
shoulder 57. 

45 

Phased Array transducer 

[0031] An imaging transducer 81 is fixedly mounted 
on the catheter 11 , and in the embodiment illustrated in 

so Fig. 3a, the imaging transducer is mounted on the distal 
tip section 55 just distally of the shoulder 57. In this em- 
bodiment, the imaging transducer 81 is a phased array 
transducer of the type shown schematically in Figure 4a 
and is operative to image 360° about the catheter 11. 

55 This imaging transducer 81 comprises an annular array 
of individual crystals or elements 121 is coupled to a 
multiplex circuit 83 which is within the major section 51 
of the catheter body 13 adjacent the shoulder 57, and 
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the multiplex circuit 83 is in turn coupled to leads 85 
which extend through the lead lumen 39 and a port 87 
(Fig. 2) of the hub 21 to an imaging console 89. When 
activated, the imaging transducer emits ultrasound sig- 
nals and receives back echos or reflections which are 
representative of the nature of the surrounding environ- 
ment. The imaging transducer provides an imaging sig- 
nal from which an image of the surrounding structure 
can be created by signal processing apparatus located 
in the imaging console 89 and viewed on a standard dis- 
play screen located near the operating table on which 
the patient is positioned. In a preferred practice of this 
invention, the phased array transducer and the accom- 
panying circuitry and the imaging console 89 may be 
obtained from Endosonics of Rancho Cordova, Califor- 
nia or Intravascular Research Limited (United King- 
dom). 

Alternative Rotatabfe Transducer 

[0032] In an alternate embodiment of this invention, a 
rotatable imaging transducer 81 r of the type illustrated 
schematically in Fig. 4b may be used. This alternative 
transducer 81 r comprises one (or more than one) imag- 
ing element 1 21 r that is mounted on a rotating shaft 82 
that extends through a portion of the catheter body (e. 
g., and out of port 39) such that it can be rotated relative 
to the catheter body. Alternatively, it will be appreciated 
that this transducer 81r may be fixedly mounted within 
or upon the catheter body and the entire catheter body 
may be rotated in order to effect rotational movement of 
the transducer element 121r. 

Marker Structure 

[0033] In this first embodiment (Figs. 3a-3e), an im- 
ageable marker structure 101 is fixedly mounted on the 
catheter body 13 in a known circumferential orientation 
relative to the exit port 29. In the embodiment of Fig. 3a, 
the marker structure 101 is in the form cage (Fig.3f) and 
the transducer 81 is within the cage. This marker struc- 
ture 101 comprises a plurality of longitudinal members 
103 and 103pp disposed at circumferentially spaced 
apart locations about a hollow interior space 105. The 
hollow space 105 receives the distal tip section 55 and 
the transducer 81, and the transducer 81 is an onboard 
transducer in that it is inseparable from and not remov- 
able from the catheter body 13. In this embodiment the 
transducer 81 is attached to or wrapped around the 
catheter body 13 and permanently retained by a suitable 
potting composition or adhesive. As shown in Fig. 3g, 
one of the longitudinal members 103pp is designated as 
the penetrator path indicating member and is positioned 
at a circumferential position that is axially aligned with 
the exit port 29 or otherwise positioned to be indicative 
of the path that will be followed by the tissue penetrator 
85 as it is advanced from the catheter body 13 through 
the exit port 29. Thus, the imageable marker structure 



101 forms on the image obtainable from the imaging sig- 
nal from the imaging transducer a penetrator path indi- 
cation that indicates the path that will be followed by the 
tissue penetrator when the tissue penetrator 85 exits 

5 from the catheter. 

[0034] With the construction described above, the im- 
aging transducer 81 and the marker 101 are both mount- 
ed on the distal tip section 55 which has a smaller cross 
sectional area than does the adjacent region of the ma- 

10 jor section 51 of the catheter body 13. Accordingly, the 
cross sectional area of the catheter body 1 3 at the region 
containing the imaging transducer 81 and the marker 
101 can still be relatively small. Also, the exit location 
29 is closely adjacent to the imaging transducer 81 and 

15 may be, for example, about 3 mm from the imaging 
transducer. This minimizes the likelihood of any signifi- 
cant torsional displacement of the exit location 29 rela- 
tive to the marker 101 and imaging transducer 89. It may 
also be appreciated that the imaging transducer may be 

20 mounted such that the exit port is located directly at the 
point at which the transducer is affixed to the catheter, 
eliminating any displacement. 
[0035] Figs. 6a and 6b show an image of what the op- 
erator sees on the display screen of the imaging console 

25 89 when the catheter 11 is advanced into the resident 
bloodvessel. Specifically, Fig. 6a shows an image of the 
catheter 11, an image 143 of the resident blood vessel 
into which the catheter 11 has been inserted (i.e., the 
blood vessel in which the catheter 11 resides) and an 

30 image of a target blood vessel 1 45 adjacent to the blood 
vessel 143. In this particular illustration, the blood ves- 
sels represented by images 143 and 145 are a coronary 
artery and coronary vein, respectively. In Fig. 6a, the im- 
age created by the penetrator-path-indicating member 

35 103pp of the marker structure 101, as represented by 
line or artifact 147, does not extend into the lumen of the 
target blood vessel 1 45. Thus, if the tissue penetrator 
85 were to be advanced from the catheter 11 while the 
catheter 11 is in the rotational orientation shown in Fig- 

<o ure 6a, the tissue penetrator would not advance into the 
lumen of the target blood vessel 145, as desired. How- 
ever, by rotating the catheter 1 1 within the resident blood 
vessel 143, the operator may cause the image created 
by the penetrator-path-indicating member 103 pp of the 

45 marker structure 1 01 , as represented by line or artifact 
147, to extend into the lumen of the target blood vessel 
145 as illustrated in Figure 6b. Thus, if the tissue pene- 
trator 85 were to be advanced from the catheter 11 while 
the catheter 11 is in the rotational orientation shown in 

50 Figure 6b, the tissue penetrator 85 would advance into 
the lumen of the target blood vessel 145, as desired. 

B. Second Embodiment: Catheter with Fixedly 
Mounted Imaging Transducer Useable Without 
55 Marker Structure 

[0036] Fig. 4 shows by way of background a catheter 
11a which is identical to the catheter 11 in all respects 
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not shown or specified as being different herebelow. 
Portions of the catheter 11a corresponding to portions 
of the catheter 11 are designated by corresponding ref- 
erence numerals followed by the letter a. 
[0037] The primary difference between the catheters 
11 and 11a is that the catheter 11a has no imageable 
marker structure 101 Instead, its imaging transducer81 
a is mounted in a fixed position such that one particular 
element 121 pp (or a group of particular elements) is/ 
are designated as the penetrator path but rather is 
mounted in a fixed orientation within or upon the cathe- 
ter such that a selected one (or selected ones) of the 
individual imaging elements 121 (e.g., crystals) of the 
phased array is positioned in known spacial relation to 
the path or plane of the path that will be followed by the 
tissue penetrator as exits from the catheter. This select- 
ed one (or ones) of the imaging elements 121 shall be 
referred to herein as the "penetrator-path-indicating el- 
ement 121pp." The imaging elements 121, which may 
be adhered to the catheter body 13a, are mounted on 
the catheter 11 at known circumferential locations rela- 
tive to the path that will be followed by a tissue penetra- 
tor as the tissue penetrator advances from the catheter 
11 through the exit port 29a. The image obtained from 
the imaging signal from the imaging transducer 81 a is 
thereby useable by the operator to rotationally orient the 
catheter 1 1 such that when the tissue penetrator subse- 
quently exits from the catheter, the tissue penetrator will 
extend into the target as desired. Thus, because the im- 
aging elements 121a are mounted on the catheter body 
13 in fixed relationship to the catheter body and in a 
known circumferential orientation relative to the exit lo- 
cation 29a, the imaging transducer 81a can be used to 
provide an imaging signal for use in locating an adjacent 
blood vessel or other structure and identifying the angu- 
lar orientation of the exit location. If desired, the imaging 
elements of the imaging transducer 81 of the catheter 
11 can be oriented in the same fashion as described 
above for the catheter 1 1 a. I n this event, the only differ- 
ence between the catheters 11 and 11a would be that 
thecatheter 11 has an imaging marker 101 and the cath- 
eter 11a does not. 

[0038] Fig. 5a shows an image 1 5 1 of the catheter 1 1 a 
(Fig. 4) in the resident blood vessel 143 in which that 
catheter is positioned, as well as an image of the target 
location 145, shown here as another blood vessel. 
Standard serial hash marks 300a, 300b, 300c and 300d 
are formed on the imaging screen as shown, generally 
dividing the screen into four quadrants. In this instance, 
the transducer 81 b is fixedly mounted within the catheter 
11a such that its penetrator path indicating transducer 
element 121pp is in the 12 o'clock position and aligned 
with the top array of hash marks 300a on the imaging 
screen. Thus, the top array of hash marks 300a serve 
as a visual indicator of the path that will be followed by 
the tissue penetrator 85 as it is advanced from the cath- 
eter 11a. In the showing of Fig. 5a, one can see that the 
top hash marks 300a do not enter the target location 



145 and thusjt can be concluded from this image that 
the tissue penetrator 85 is not properly aimed at the tar- 
get location. However, by rotating the catheter 1 1 a in the 
resident blood vessel 143, to the position shown in Fig. 

5 5b, the top array of hash marks 300a is caused to pass 
directly through the target location 145, thus indicating 
to the operator that the tissue penetrator 85 can now be 
advanced from the exit port 29a to properly penetrate 
from the resident vessel 143 into the target location 145, 

10 as desired. 

[0039] Figs. 5c and 5d show an image 151a of the 
catheter 11a (Fig. 4) in the resident blood vessel 143 in 
which that catheter is positioned, as well as an image of 
the target location 145, shown here as another blood 

15 vessel. A vertical line 146 has been created on the 
screen 1 46 in alignment with the position of a penetrator 
path indicating transducer element 1 2 1 pp of the phased 
array transducer 81b. Thus, the line 1 46 serves as a vis- 
ual indicator of the path that will be followed by the tissue 

20 penetrator 85 as it is advanced from the catheter 1 1a. It 
will be appreciated by those of skill in the art that this 
line 146 may be created on the imaging screen 89 elec- 
tronically (e.g., as an illuminated or colored line on the 
image) or it may be physically marked on the screen 89 

25 (e.g. , by felt tipped marker or other suitable marking ma- 
terial or apparatus such as a template). In the showing 
of Fig. 5c, one can see that the line 146 does not enter 
the target location 145 and, thus, it can be concluded 
form this image that the tissue penetrator 85 is not prop- 

30 erly aimed at the target location 145. However, by rotat- 
ing the catheter 11a in the resident blood vessel 143, to 
the position shown in Fig. 5d, the line 146 is caused to 
pass directly through the target location 145, thus indi- 
cating to the operator that the tissue penetrator 85 can 

35 now be advanced from the exit port 29a to properly pen- 
etrate from the resident vessel 143 into the target loca- 
tion 145, as desired. 

[0040] Figs. 5e and 5f show an image 151b of the 
catheter 11a (Fig. 4) in the resident blood vessel 143 in 

40 which that catheter is positioned, as well as an image of 
the target location 145, shown here as another blood 
vessel. The penetrator path indicating element 1 21 pp of 
the phased array transducer 81 b has, in this case, been 
modified to provide an image that is enhanced orother- 

45 wise visually discernible from the images produced by 
the other transducer elements 121b of the array. In this 
manner, a penetrator path region 148 is visible on the 
screen 89 in the region that is imaged by the penetrator 
path indicating element 121pp. Thus, the penetrator 

so path region 1 48 serves as a visual indicator of the path 
that will be followed by the tissue penetrator 85 as it is 
advanced from the catheter 11a. It will be appreciated 
by those of skill in the art that this penetrator path region 
148 may be created by causing the penetrator path 

55 transducer element 1 21 pp to receive more power than 
the other transducer elements 121b or by otherwise 
modifying or processing the signal received from that 
penetrator path indicating transducer element 121pp. In 
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the showing of Fig. 5e, one can see that the target 145 
is not encompassed by the penetrator path region 148 
and, thus, it can be concluded from this image that the 
tissue penetrator 85 is not within acceptable range of 
the target location 145. However, by rotating the cathe- 
ter 11a in the resident blood vessel 143, to the position 
shown in Fig. 5f, the target 145 is brought within an ap- 
propriate range of the penetrator path region 148, thus 
indicating to the operator that the tissue penetrator 85 
can now be advanced from the exit port 29a to property 
penetrate from the resident vessel 143 into the target 
location 145, as desired. Additionally, it is to be under- 
stood that the penetrator path indicating transducer el- 
ement 121pp or the output on the imaging console may 
be additionally modified to allow imaging or project im- 
ages of only that region within a predetermined distance 
(e,g„ up to 3 mm) of the resident vessel 143 thereby 
signalling to the operator the possible target locations 
that are out of the intended range of the tissue penetra- 
tor 85 or subsequent systems or devices that may be 
employed to complete the intended procedure. 
[0041] As an alternative to creating a penetrator path 
region by increasing the power transmitted to the pen- 
etrator path element transducers), it will be appreciated 
that this region 148 may be created on the imaging 
screen 89 electronically (e.g., as an illuminated or color- 
ed sector on the image) or it may be physically marked 
on the screen 89 (e.g., by felt tipped marker or other 
suitable marking material or apparatus such as a tem- 
plate). In addition, the penetrator path region may be 
defined by the enhancement (e.g. electronic illumina- 
tion, marker or template) of two lines such as that de- 
picted by line 146, modified to define boundries to the 
region 148 within which is defined an acceptable range 
of penetration zone. 

[0042] It will be appreciated that the electronically en- 
hanced penetrator path indicating transducer 121pp 
may be used in conjunction with the hash marks 300a, 
300b, 300c, and 300d shown in figures 5a-5b and/or the 
line 146 shown in Figs. 5c and 5d, thereby enabling the 
operator to utilize multiple indicia to determine the ap- 
propriateness of the size and distance range of the tar- 
get location 145 before advancing the tissue penetrator 
85. In this way, the operator is provided with a range of 
acceptable accuracy depending on the desired result 
and taking into account what procedures may be per- 
formed subsequently (i.e. placement of a connection de- 
vice or other catheter devices). 

C. Examples of Methods and Procedures: 

[0043] The catheters 11 and 11a may be used in the 
performance of various revascularization procedures in- 
cluding, as described in detail herebelow, a Percutane- 
ous In Situ Coronary Artery Bypass (PICAB) procedure 
as well as a Percutaneous In Situ Coronary Venous Ar- 
terialization (PICVA) procedure. It will be appreciated 
that, in addition to the particular PICAB and PICVA ex- 



amples described in detail herebelow, the catheter sys- 
tem of the present invention may also be useable to per- 
form various other procedures such as directed drug de- 
livery procedures of the type described in United States 
5 Patent 6,283,951 and other revascularization proce- 
dures. 

/. A Preferred Method for Performing the PICVA 
Procedure: 

10 

[0 044] The PI C VA procedure is useable to effectively 
provide arterial perfusion of an ischemic region of myo- 
cardium, even in cases where a coronary artery is so 
extensively obstructed that no patent distal portion of 
15 the artery remains available to carry bypassed arterial; 
flow. 

[0045] Fig. 7a is a diagram of a portion of the coronary 
vasculature known as known as the Triangle of Brouck- 
Moscheau. The Triangle of Brock-Moscheau is defined 

20 by the left anterior descending coronary artery LAD, the 
circumflex coronary artery CX, the anterior inter ven- 
tricular vein AIV. The arteries CX and LAD are both 
joined to and receive blood from the left main artery. The 
great coronary vein GCV forms a downwardly opening 

25 U-shaped configuration with the legs of the U being ad- 
jacent to arteries CX and LAD. Obstructions resulting 
from a build up of plaque may be found in either or both 
of the arteries CX and LAD. For example and for pur- 
poses of illustrating a preferred embodiment of the 

30 method of this invention, Fig. 7a shows an obstruction 
171 in the left anterior descending artery LAD. 
[0046] In the first step of the procedure, shown in Fig- 
ure 7b, a coronary guide catheter 1 73 is advanced into 
the left coronary ostium and a guidewire 175 such as a 

35 0.356 mm guidewire is advanced through the guide 
catheter 173 into the lumen 176 of the left anterior de- 
scending artery (LAD) to a location just proximal of the 
obstruction 171 as shown in Fig. 7b. 
[0047] Next, as shown in Figure 7c, the tissue pene- 

<o trating catheter 1 1 is percutaneously inserted and trans- 
luminally advanced through the guide catheter 173 and 
over the guidewire 1 75 into the left anterior descending 
artery LAD to a location just proximal of the obstruction 
171 (Fig. 7c). The axial position of the guidewire 175 

45 and of the catheter 1 1 within the artery LAD is known by 
conventional techniques which may include, for exam- 
ple, fluoroscopy and the radiopaque marker 33. Al- 
though this procedure is described with reference to the 
catheter 11, it should be understood that an identical 

50 procedure would be followed for the catheter 11a. As 
shown in figure 7d, with the catheter 11 in position within 
the LAD, the leads 85 are coupled to the imaging con- 
sole 89 and the imaging transducer 81 is actuated to 
obtain images as shown, by way of example, in Fig. 6a. 

55 The catheter 1 1 is moved, and more specifically rotated 
within the artery LAD until the exit port 29 and hence a 
penetrator path indication or path region 148 is aimed 
at the lumen of the vein AIV. At this point, the tissue pen- 
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etrator 85 is advanced through the exit opening 29 from 
the catheter 11 through the walls of the artery LAD and 
the vein AIV and into the lumen 1 77 of the vein Al V up- 
stream of the obstruction 171 as shown in Fig. 7d. 
[0046] As shown in Figure 7e, with the catheter 1 1 and 5 
the tissue penetrator 85 in the position shown in Fig. 7d, 
a first crossing guidewire 179 is advanced through the 
lumen 85I of the tissue penetrator 85 and into the lumen 
1 77 of the vein AIV. The tissue penetrator 85 is then re- 
tracted into the catheter 11 leaving the crossing 10 
guidewire 179 in place such that it extends from the lu- 
men 1 76 of the artery LAD into the lumen 1 77 of the vein 
AIV. 

[0049] As shown in Figure 7f, the catheter 11 is then 
removed by retracting it back over the guidewire 175 15 
and out through the guide catheter 173 leaving the 
guidewires 175 and 179 in place. 
[0050] Thereafter, as shown in Figure 7g, if it is nec- 
essary to enlarge or modify the penetration tract created 
by the penetrator 85, a tract modification or enlargement 20 
apparatus 190 may be advanced over the first crossing 
guidewire 1 79 to enlarge or otherwise modify the pene- 
tration tract. This tract modifying apparatus 190 may 
comprise a balloon catheter or radiofrequency tissue 
severing device as described in United States Patent 25 
6,561 ,998, the entirety of which is expressly incorporat- 
ed herein by reference. 

[0051] As shown in Figure 7h, after any necessary en- 
largement or modification of the penetration tract has 
been complete, the tract modifying apparatus 190 and 30 
first crossing guidewire 179 are removed, leaving open 
the passageway PW between the artery LAD and vein 
GCV/AIV. Also, acatheter 191 is introduced into the cor- 
onary venous sinus CS and a guidewire 198 is ad- 
vanced through the catheter 191 and into the vein GCV. 35 
[0052] As shown in Fig. 7i, the catheter 191 is then 
removed and a coronary sinus guide catheter 196 is in- 
troduced over the guidewire 198 into the coronary ve- 
nous sinus. A subselective sheath 192 and introducer 
194 are then advanced through the coronary sinus <o 
guide catheter 191 , over the guidewire 1 79 and into the 
vein GCV proximal to the passageway PW. This coro- 
nary sinus guide catheter 196, subselective sheath 192 
and introducer 194 may be of the type described in detail 
in United States Patent 6,544,230 entitled CATHE- 45 
TERS, SYSTEMS AND METHODS FOR PERCUTANE- 
OUS IN SITU ARTERIO-VENOUS BYPASS, the entire- 
ty of which is expressly incorporated herein by refer- 
ence. 

[0053] Thereafter, as shown in figure 7j, the introducer so 
194 is removed leaving the subselective sheath 1 92 and 
guidewire 194 in place. 

[0054] Thereafter, as shown in figure 7k, an embolic 
blocker 200 is advanced through the subselective 
sheath 192 and implanted in the vein GCV proximal to 55 
the passageway. This completes the PICVA procedure, 
allowing arterial blood to flow from the artery LAD, 
through the passageway PW and into the vein GCV/AIV 



where it flows in the direction opposite normal venous 
return so as to retro-perfuse the ischemic myocardium 
through the coronary vein(s). 

/. A preferred Method for Performing the PICAB 
Procedure: 

[0055] Figures 8a-8d show, in step-by-step fashion, 
an example of the manner in which a two channel PICAB 
procedure may be performed, or in the alternative, how 
the above-described PICVA procedure (Figs. 7a-7k) 
may be converted into a two-channel PICAB procedure. 
This PICAB procedure will typically be used in cases 
where the obstruction 171a does not extend into the dis- 
tal LAD and thus, a patent distal LAD is available to carry 
blood flow to the ischemic myocarduim. 
[0056] As shown in figure 8a, if the two channel 
PICAB technique is to be employed then in lieu of the 
placement of the embolic blocker 200 being placed 
(starting from the step referenced in Fig. 7g) the 
guidewire 175 is withdrawn and the catheter 11 is ad- 
vanced over the crossing guidewire 179 to the position 
shown in Fig. 8a. To accomplish this, the tissue pene- 
trator is retracted over the crossing guidewire 189 to re- 
move the first crossing guidewire from the tissue pene- 
trator 85 and then the crossing guidewire 179 is intro- 
duced into the main guidewire lumen 35 of the catheter 
1 1 . Consequently, the catheter 1 1 can be advanced over 
the crossing guidewire 179 to the position of Fig. 8a 
wherein the catheter extends through the lumen 176 of 
the artery LAD, through the openings created in the 
walls of the artery LAD and the vein AIV and into the 
lumen 177 of the vein AIV. The longitudinal or axial po- 
sition of the catheter 11 in the vein AIV relative to the 
obstruction 171 is known using conventional tech- 
niques. With the catheter 11 in the position shown in Fig. 
8a, the imaging transducer 81 is again actuated and the 
catheter 1 1 is rotated within the vein AIV as required and 
as explained above in connection with Figs. 6a and 6b 
to cause the penetrator path indication to be aimed at 
the lumen of the artery LAD at a location downstream 
of the obstruction 171. With the penetrator path indica- 
tion and the exit port 29 properly aimed at the artery 1 71 , 
the tissue penetrator 85 is advanced from the catheter 
11 through the walls of the vein AIV and the artery LAD 
and into the lumen of the artery LAD as shown in Fig. 
8a. Also, as shown, a second crossing guidewire 181 is 
advanced through the lumen 85L of the tissue penetra- 
tor 85 and into the lumen of the artery LAD. 
[0057] As shown in Fig. 8b, the tissue penetrator 85 
is then retracted into the catheter 1 1 leaving the second 
crossing guidewire 181 in the artery LAD. The catheter 
11 and the first crossing guidewire 179 are then re- 
moved leaving the second crossing guidewire 181 in 
place such that it extends from the artery LAD into the 
lumen 1 77 of the vein AIV and back into the artery LAD 
as shown in Fig. 8b. 

[0058] To create a blood flow channel around the ob- 
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struction 1 71 , an expandable connector 191 may be em- 
ployed. As shown in Figs. 8c and 8d, the connector 191 
is implanted such that the connector extends from the 
artery LAD through the openings created in the walls of 
the artery LAD and the vein Al V, through the lumen 1 77 5 
of the vein Al V, through the openi ngs created in the walls 
of the vein and artery LAD distally of the obstruction 1 71 
and back into the artery LAD. The expandable connec- 
tor may be implanted, for example, by utilizing a con- 
nector delivery catheter (not shown) and advancing 10 
such connector delivery catheter over the second cross- 
ing guidewire 181. After implantation of the connector 
191 , the second crossing guidewire is withdrawn and so 
is the guide catheter 173. It will be appreciated that in- 
stead of deployi ng one expandable connector, it m ay be 15 
preferred to employ two shorter connectors (not shown) 
at each of the first and second crossing sites. In this ap- 
proach, a proximal and distal embolic blocker may be 
required to be placed in the vein proximal to the first 
crossing site (in the GCV) and distal to the second cross- 20 
ing site (in the AIV) to complete the bypass circuit. 
[0059] Although exemplary embodiments of the in- 
vention have been shown and described, many chang- 
es, modifications and substitutions may be made by 
those having ordinary skill in the art without necessarily 25 
departing from the scope of this invention as defined by 
the following claims. 



Claims 30 

1 . A catheter device (11,11a) that is useable to pene- 
trate from the lumen of a blood vessel (143) within 
a patient's body in which the catheter device is po- 
sitioned to a target location within the patient's body, 35 
said catheter device comprising: 

a catheter (13) having a proximal end (15), a 
distal end (17) and a peripheral wall (31), said 
catheter (13) being advanceable into said first *o 
blood vessel (143); 

a tissue penetrator (85) that is moveable back 
and forth between a retracted position within 
the catheter (13) and an extended position 
whereby the penetrator (85) extends out of the <s 
catheter ( 1 3) so as to penetrate from the lumen 
of the blood vessel (143) in which the catheter 
(13) is positioned to target location (145) out- 
side of said blood vessel lumen; 
at least one orientation element comprising a so 
marker (101); and characterized in that the 
catheter device also comprises an imaging 
transducer (81) fixedly mounted on or in the 
catheter (11), the imaging transducer (81) be- 
ing useable to obtain an image of the marker 55 
(101) and the target location (145) while the 
penetrator (85) remains in its retracted position, 
said marker (101) providing on the image an in- 



dication of the trajectory on which the penetra- 
tor (85) will advance and useable in coopera- 
tion with the imaging transducer (81) to enable 
the operator to rotationally orient the catheter 
(13) such that when the tissue penetrator (85) 
is subsequently advanced from the catheter 
(13) it will extend into the lumen of the second 
blood vessel (145) as desired. 

2. A catheter device (11,11a) as defined in Claim 1 
wherein the imaging transducer (81) is an ultra- 
sound imaging transducer. 

3. A catheter device (11, 11a) as defined in Claim 2 
wherein the ultrasound imaging transducer (81) is 
a phased array transducer. 

4. A catheter device (11, 11a) as defined in claim 3 
wherein the phased array transducer (81) compris- 
es a plurality of imaging elements (121) arranged in 
a circumferential array, one of said imaging ele- 
ments (121) being aligned with the trajectory on 
which the penetrator will advance, said marker 
(181) comprising means for identifying, on the im- 
age, the position of the imaging element (121) that 
is aligned with the trajectory on which the penetrator 
(85) will advance. 

5. A catheter device (11, 11a) as defined in any of 
Claims 2 to 4 wherein the imaging transducer is a 
rotatable transducer 

6. A catheter device (11, 11a) as defined in Claim 5 
wherein the phased array transducer (81) is opera- 
tive to image 360° about the first blood vessel (143). 

7. A catheter device (11, 11a) as defined in any pre- 
ceding claim wherein the marker (101) includes a 
cage on the catheter, said cage comprising a plu- 
rality of longitudinal members (103, 103pp) dis- 
posed at circumferentially spaced apart locations 
about a hollow interior space (105), a first one of 
said longitudinal members (103pp) being located at 
a circumferential position that is axially aligned with 
the path that will be followed by the tissue penetra- 
tor (85) as it is advanced from the catheter (13). 

8. The catheter device (1 1 , 1 1a) as defined in any pre- 
ceding claim wherein the tissue penetrator (85) in- 
cludes a needle member formed of resilient material 
that is biased to a preformed curved configuration, 
said needle member being initially disposed in a re- 
tracted position within the catheter (13) and subse- 
quently advanceable from the catheter (13) to an 
extended position wherein the needle member as- 
sumes its preformed curved configuration. 

9. A catheter device (11, 11a) as defined in any pre- 
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ceding claim wherein the catheter body (13) is sized 
to be receivable in an artery of a human patient. 

10. A catheter device (11, 11a) as defined in any pre- 
ceding claim wherein a catheter braid is incorporat- 5 
ed in at least a portion of said catheter body (13), 
said catheter braid having a braid angle and a pick 
count, the braid angle of said catheter braid being 
such that the pick count is less than 39.4 picks per 
centimetre (1 00 picks per inch) to thereby minimize 10 
the longitudinal elongation of the catheter that may 
occur as the catheter is warmed from room temper- 
ature to body temperature. 

11. The catheter device (11, 11 a) as defined in claim 10 15 
wherein the braid angle is such that the pick count 

is 7.9-11.8 picks per centimetre (20-30 picks per 
inch). 

20 

Revendications 

1. Dispositif de catheter (11, 11a) servant a penetrer 
a partir d'une lumiere d'un vaisseau sanguin (143) 
dans I'organisme d'un patient dans lequel le dispo- 25 
sitif de catheter est positionne vers un emplace- 
ment cible dans I'organisme du patient, ledit dispo- 
sitif de catheter comprenant: 

un catheter (13) comportant une extremite 30 
proximale (15), une extremite distale (17) et 
une paroi peripherique (31), ledit catheter (13) 
pouvant etre deplace dans ledit premier vais- 
seau sanguin (143); 

un moyen de penetration tissulaire (85) pou- 35 
vant etre deplace vers I'arriere et vers I'avant 
entre une position retractee dans le catheter 
(13) et une position etendue, le moyen de pe- 
netration (85) s'etendant ainsi hors du catheter 
(13) afin de penetrer a partir de la lumiere du *o 
vaisseau sanguin (143) dans lequel le catheter 
(13) est positionne vers un emplacement cible 
(145) hors de ladite lumiere du vaisseau san- 
guin; 

au moins un element d'orientation comprenant 45 
un marqueur (101); et caracterise en ce que 
le dispositif de catheter comprend en outre un 
transducteur de formation d'images (81) monte 
fermement sur ou dans le catheter (11), le 
transducteur de formation d'images (81) ser- 50 
vant a produire une image du marqueur (101) 
et de I'emplacement cible (145), le moyen de 
penetration (85) restant dans sa position re- 
tractee, ledit marqueur fournissant sur I'image 
une indication de la trajectoire de deplacement 55 
du moyen de penetration (85) et pouvant servir 
en cooperation avec le transducteur de forma- 
tion d'images (81) a permettre a I'operateur 



d'orienter par rotation le catheter (13), de sorte 
que lors du deplacement ulterieurdu moyen de 
penetration tissulaire (85) a partir du catheter 
(13), il s'etend dans la lumiere du deuxieme 
vaisseau sanguin (145), en fonction des be- 
soins. 

2. Dispositif de catheter (11,11a) selon la revendica- 
tion 1, dans lequel le transducteur de formation 
d'images (81) est un transducteur de formation 
d'images a ultrasons. 

3. Dispositif de catheter (11,11a) selon la revendica- 
tion 2, dans lequel le transducteur de formation 
d'images a ultrasons (81) est un transducteur a 
commande de phase 

4. Dispositif de catheter (11, 11a) selon la revendica- 
tion 3, dans lequel le transducteur a commande de 
phase (81) comprend plusieurs elements de forma- 
tion d'images (121) agences dans un agencement 
circonferentiel, un desdits elements de formation 
d'images (121) etant aligne avec la trajectoire de 
deplacement du moyen de penetration, ledit mar- 
queur (181) comprenant un moyen pour identifier 
sur I'image la position de I'element de formation 
d'images (121) aligne avec la trajectoire de depla- 
cement du moyen de penetration (85). 

5. Dispositif de catheter (11,11a) selon Tune quelcon- 
que des revendications 2 a 4, dans lequel le trans- 
ducteur de formation d'images est un transducteur 
rotatif. 

6. Dispositif de catheter (11,11a) selon la revendica- 
tion 5, dans lequel le transducteur a commande de 
phase (81) peut prendre une image a 360° autour 
du premier vaisseau sanguin (143). 

7. Dispositif de catheter (11,11a) selon Tune quelcon- 
que des revendications precedentes, dans lequel le 
marqueur (101) englobe une cage sur le catheter, 
ladite cage comprenant plusieurs elements longitu- 
dinaux (1 03, 1 03pp) agences au niveau d'em place- 
ments espaces sur la circonference autour d'un es- 
pace interieur creux (105) un premier desdits ele- 
ments longitudinaux (103pp) etant agence au ni- 
veau d'une position circonferentiel le alignee axiale- 
ment avec la trajectoire suivie par le moyen de pe- 
netration tissulaire (85) lors de son deplacement a 
partir du catheter (13). 

8. Dispositif de catheter (11,11a) selon Tune quelcon- 
que des revendications precedentes, dans lequel le 
moyen de penetration tissulaire (85) englobe un 
element d'aiguille compose d'un materiau elasti- 
que, pousse vers une configuration courbee prefor- 
mee, ledit element d'aiguille etant initialement 
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agence dans une position retractee dans le catheter 
(13) et pouvant ensuite etre deplace a partir du ca- 
theter (13) vers une position etendue dans laquelle 
Telement d'aiguille assume sa configuration cour- 
bee preformee. 

9. Dispositif de catheter (11,11a) selon Tune quelcon- 
que des revendications precedentes, dans lequel le 
corps du catheter (13) est dimensionne de sorte a 
pouvoir etre recu dans une artere d'un patient hu- 
main. 

10. Dispositif de catheter (11, 11a)selon Tunequelcon- 
que des revendications precedentes, dans lequel 
une tresse du catheter est incorporee dans au 
moins une partie dudit corps du catheter (1 3), ladite 
tresse du catheter comportant un angle de tressage 
et un nom bre de duites, Tangle de tressage de ladite 
tresse du catheter etant tel que le nombre de duites 
est inferieur a 39,4 duites par centimetre (1 00 duites 
par pouce), pour reduire ainsi au minimum Tallon- 
gement longitudinal du catheter pouvant se produi- 
re Tors d'un echauffement du catheter de la tempe- 
rature ambiante a la temperature du corps. 

11. Dispositif de catheter (11, 11a) selon la revendica- 
tion 10, dans lequel Tangle de tressage est tel que 
le nombre de duites est compris entre 7,9 et 11 ,8 
duites par centimetre (20 a 30 duites par pouce). 



Pat entan spriiche 

1. Kathetervorrichtung (11, 11a), die verwendbar ist, 
urn ausdem Hohlraum eines Blutgefalies (143) im 
Korper eines Patienten, in dem die Kathetervorrich- 
tung positioniert ist, zu einer Zielstelle im Korper 
des Patienten zu dringen, wobei die Kathetervor- 
richtung aufweist: 

einen Katheter (13) miteinem proximalen Ende 
(15), einem distalen Ende (17) und einer peri- 
pheren Wand (31), wobei der Katheter (13) in 
das erste BlutgefaB (143) vordringen kann; 
einen Gewebeeindringkorper (85), der vor- 
warts und ruckwarts zwischen einer zuruckge- 
zogenen Position innerhalb des Katheters (13) 
und einer ausgefahrenen Position beweglich 
ist, wobei sich der Eindringkorper (85) aus dem 
Katheter (13) heraus erstreckt, urn so vom 
Hohlraum des BlutgefaSes (143), in dem der 
Katheter (13) positioniert ist, zur Zielstelle (145) 
aufcerhalb des BlutgefaBhohlraumes zu drin- 
gen; 

mindestens ein Ausrichtungselement, das ein 
Markierungselement (101) aufweist und da- 
durch gekennzeichnet ist, daft die Katheter- 
vorrichtung ebenfalls einen Bildgebungswand- 



ler (81) aulweist, der fest am Oder im Katheter 
(11) montiert ist, wobei der Bildgebungswand- 
ler (81) verwendbar ist, urn ein Bild vom Mar- 
kierungselement (101) und der Zielstelle (145) 

5 zu erhalten, wahrend der Eindringkorper (85) 

in seiner zuruckgezogenen Position bleibt, wo- 
bei das Markierungselement (101) auf dem Bild 
eine Anzeige der Bewegungsbahn liefert, auf 
der sich der Eindringkorper (85) vorwartsbewe- 

10 gen wird, und im Zusammenwirken mit dem 

Bildgebungswandler (81) verwendbar ist, dam it 
die Bedienungsperson den Katheter (13) rota- 
torisch so ausrichten kann, daB, wenn der Ge- 
webeeindringkorper (85) anschlie&end vom 

*5 Katheter (13) vorwartsbewegt wird, er sich in 

den Hohlraum des zweiten Blutgefalies (145) 
erstrecken wird, wie es gewunscht wird. 

2. Kathetervorrichtung (11,11a) nach Anspruch 1 , bei 
20 der der Bildgebungswandler (81) ein Ultraschall- 

bildgebungswandler ist. 

3. Kathetervorrichtung (11,11a) nach Anspruch 2 , bei 
der der Ultraschallbildgebungswandler (81) ein 

25 Phased-Array-Wandler ist. 

4. Kathetervorrichtung (11,11a) nach Anspruch 3 , bei 
der der Phased-Array-Wandler (81) eine vlelzahl 
von Bildgebungselementen (121) aufweist, die in 

30 einer peripheren Anordnung angeordnet sind, wo- 
bei eines der Bildgebungselemente (121) mit der 
Bewegungsbahn ausgerichtet ist, auf der sich der 
Eindringkorper vorwartsbewegen wird, wobei das 
Markierungselement (181) eine Einrichtung fur das 

35 Identifizieren der Position des Bildgebungselemen- 
tes (121) auf dem Bild aufweist, das mit der Bewe- 
gungsbahn ausgerichtet ist, auf der sich der Ein- 
dringkorper (85) vorwartsbewegen wird. 

40 5. Kathetervorrichtung (11, 11a) nach einem der An- 
spruche 2 bis 4, bei der der Bildgebungswandler ein 
drehbarer Wandler ist 

6. Kathetervorrichtung (11,11a) nach Anspruch 5, bei 
<5 der der Phased-Array-Wandler (81) funktionsfahig 

ist, urn 360° urn das erste BlutgefaB (143) herum 
abzubilden. 

7. Kathetervorrichtung (11, 11a) nach einem der vor- 
50 hergehenden Anspruche, bei der das Markierungs- 
element (101 ) einen Kafig am Katheter umfaBt, wo- 
bei der Kafig eine Vielzahl von Langselementen 
(1 03, 1 03pp) aufweist, die an peripher voneinander 
beabstandeten Stellen urn einen hohlen Innenraum 

55 (1 05) angeordnet sind, wobei ein erstes der langli- 
chen Elemente (1 03pp) in einer peripheren Position 
angeordnet ist die axial mit dem Weg ausgerichtet 
ist, der durch den Gewebeeindringkorper (85) ver- 
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fotgt wird, wahrend er vom Katheter (13) vorwarts- 
bewegt wird. 

8. Kathetervorrichtung (11, 11a) nach einem der vor- 
hergehenden Anspruche, bei der der Gewebeein- 5 
dringkorper (85) ein Nadelelement umfaBt, das aus 
einem elastischen Material gebildetwird, daszu et- 
ner vorgeformten gebogenen Konfiguration vorge- 
spannt ist, wobei das Nadelelement anfangs in ei- 
ner zuruckgezogenen Position innerhalb des Ka- 10 
theters (13) angeordnet ist und anschlieBend aus 
dem Katheter (13) zu einer ausgezogenen Position 
vordringen kann, worin das Nadelelement seine 
vorgeformte gebogene Konfiguration annimmt 

15 

9. Kathetervorrichtung (11, 11a) nach einem der vor- 
hergehenden Anspruche, bei der der Katheterkor- 
per (1 3) so bemessen ist, daB er in einer Arterie ei- 
nes menschlichen Patienten aufgenommen werden 
kann. 20 

10. Kathetervorrichtung (11, 11a) nach einem der vor- 
hergehenden Anspruche, bei der ein Katheterge- 
flecht in mindestens einem Abschnitt des Katheter- 
korpers (13) enthalten ist, wobei das Katheterge- 25 
flecht einen Flechtwinkel und eine SchuBfaden- 
dichte aufweist, wobei der Flechtwinkel des Kathe- 
tergeflechtes so ist, dali die Schufcfadendichte we- 
niger ist als 39,4 SchuRfaden pro Zentimeter (100 
SchuBfaden pro Zoll), urn dadurch die Langsdeh- 30 
nung des Katheters zu minimieren, die auftreten 
kann, wahrend der Katheter von der Raumtempe- 
ratur auf die Kdrpertemperatur erwarmt wird. 

11. Kathetervorrichtung (11, 11a) nach Anspruch 10, 35 
bei der der Flechtwinkel so ist, da& die SchuSfaden- 
dichte 7,9 bis 11,8 Schu&faden pro Zentimeter (20 

bis 30 SchuBfaden pro Zoll) betragt. 
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